The five most widely accepted procedures for preparing fatty acid methyl esters in food lipids were investigated for their suitability in capillary gas-liquid chromatographic analysis of cis-9, trans-11 conjugated linoleic acid (c-9, t-11 CLA) in meat. A modified procedure of fatty acid methyl esterification was developed and the method was applied to determine c-9, t-11 CLA content in some resulting c-9, t-11 CLA methyl ester was separated by gas-liquid chromatograph equipped with a capillary column and determined using tricosanoic acid as an internal standard.
Conjugated linoleic acids (CLAs) have recently been studied by a number of researchers as one of the bioactive substances in food. CLAs are positional and geometrical isomers of linoleic acid, and they have conjugated double bonds at positions 9 and 11 or 10 and 12. In these isomers, cis-9, trans-11 CLA (c-9, t-11 CLA) which is found in beef13) has beneficial effects such as antimutagenic activity and serum cholesterollowering activity4,5,10,l2). Hughes et al. 7 
) suggested
On the other hand, CLAs are easily isomerized and oxidized during the preparation of their methyl esters2,l4). According to the literatures of Chin et al. 2) and Shantha et al .14) , decomposition of c-9, t-11
CLA isomer during methylatiom was in the range of 3% to 57% for the AOCS official method which involves methanolic sodium/potassium hydroxide followed by boron trifluoride in methanol, 5 % for methanolic hydrochloride and 28% for methanolic sulfuric acid. Because CLAs are minor ingredients in food, it is important to develop a highly reliable method for determining them, especially c-9 , t-11
CLA. Thus, the authors attemped to investigate whether the most widely accepted methods for preparing fatty acid methyl esters from food lipids could be applicable to determine the c-9, t-11 CLA in foods .
A precise and reproducible method for determining the CLA in foods was proposed and used to determine the c-9, t-11 CLA content in various meats .
Materials and Methods

Materials
Conjugated octadecadienoic acid (a mixture of cisand traps-9, 11-and -10, 12-octadecadienoic acids , described as free CLAs standard in this paper) , conjugated octadecadienoic acid methyl ester (a mixture of cis-and traps-9, 11-and -10, 12-octadecadienoic acid methyl esters, described as CLA methyl esters standard in this paper), and tricosanoic acid were Gas-liquid chromatography FAMEs were analyzed on a GC-17A gaschromatograph (Shimadzu Seisaku-syo, Tokyo) equipped with a flame-ionization detector (FID) using ly.
Helium was used as the carrier gas at a rate of 2 ml/min. The peaks of the FAMEs were identified by comparing the retention times to reference standards, FAMEs standard from fish oil and CLA methyl esters standard, and the area of the c-9, t-11 CLA peak was calculated as mg/g of lipid or mg/100g of sample using tricosanoic acid as an internal standard.
Results and Discussion Figure 1 shows the respective typical capillary gasliquid chromatograms of beef lipids and CLA methyl esters standard. As shown in this figure, c-9, t-11 CLA isomer was separated from beef lipid, and was identified. Preliminarily, we prepared FAMEs of beef lipid by using Method I, III, IV and V (described in Materials and Methods), and compared the composition of fatty acid. Composition of c-9, t-11 CLA was 0.31% for Method I , but the other three In order to more precisely determine a small amount of c-9, t-11 CLA without its decomposition and isomerization, the authors continued to examine the four methods by which a higher yield of total fatty acids and a lower decomposition and isomerization of the c-9, t-11 CLA could be obtained.
Methyl esterification with Methods II and V gave adequate yields of total fatty acids from beef lipids at 25 and 5
Each value in parentheses represents composition of fatty acids. min, respectively, whereas the yield at 60 min for Method III was only about 75% as compared with the yield at 10 min for Method V (Fig. 2a) . In addition, Method IV resulted in a remarkably lower yield of total fatty acids, which corresponded to only about 10% of the yield at 10min for Method V (data not shown). For Method V, there were almost no differences in the yield of total fatty acids between 5 and 10 min of esterification. On the other hand, much higher yield of total fatty acids was estimated with esterification for less than 5 min because of lower recovery of internal standard (Fig. 2 b) . In this method, esterification for 5 min was performed since a longer reaction time in transmethyl esterification could cause an isomerization of CLA isomers. The results obtained in this study showed that Methods II and V were superior to both Methods III and V in terms of the yield of total fatty acids.
There were no significant differences in the composition of fatty acids of beef lipid between Methods II and V, and the yield of total fatty acid for Method V was approximately 98% that for Method II (Table Fig. 3 .
Effect of esterifying procedures on the composition of CLA isomers. "others" represent total CLA peaks except c-9, t-11; t-10, c-12; t-9, t-11 and t-10, t-12 CLA isomers.
TAKENOYAMA, KAWAHARA, MURATA and YAMAUCHI 1). However, when we used Methods II and V for methyl esterification of free CLAs standard, Method II resulted in a lower composition of c-9, t-11 CLA than that of Method V (Fig. 3) . In this figure, "others" represented a sum of other CLA isomers except c-9, t-11; t-10, c-12; t-9, t-11 and t-10, t-12
CLA isomers, therefore, c-9, t-11 and t-10, c-12 CLA isomers were possibly isomerized to the other CLA isomers. This result suggested that the presence of BF3 in reaction systems may easily induce the decomposition and isomerization of c-9, t-11 CLA isomer. The effects of varying concentrations of HCl in the methyl esterification reagent on composition of CLA isomers were examined.
Decomposition and isomerization of c-9, t-11 and t-10, c-12 CLA isomers by using aqueous HCl/methanol solution (4:4, v/v) were lower than those by other higher HCl conditions (Fig. 4) . These results indicated that decomposition and isomerization of c-9, t-11 CLA isomer were affected by aqueous HC1 concentration in methanol solution, i.e., more acidic condition would accelerate the Table 3 . c-9, t-11 CLA content of various meats decomposition and isomerization of c-9, t-11 and t-10, c-12 CLA. The composition of c-9, t-11 CLA isomer prepared from free CLA standard by Method V using aqueous HCl/methanol solution (4:4, v/v), however, decreased by 5.8% compared with that of CLA methyl esters standard ( Table 2) .
As a result of the investigation of some preparation procedures of fatty acid methyl esters, we could develop a modified method for determining c-9, t-11 CLA content in meat by dividing the value estimated using tricosanoic acid as an internal standard by 0.9261, which was a correction factor determined on the basis of the yield of total fatty acids and the decomposition ratio of c-9, t-11 CLA. In addition, this method can be used not only for determination of c-9, t-11 CLA but also for a routine analysis of fatty acids because it is easy to use and is less time consuming. 
